Models of crack propagation:
The study of the evolution of a crack is based on the crack propagation rate. Regarding the behavior of the crack propagation rate, the diagram can be divided into three regions. Region I: In this region small numerical values are observed for the stress intensity factor K and the crack behavior is associated with a limit   K  . Region II: Many project methodologies based on "crack growth rate" are designed to be used in this region. Many functions have been adjusted for this region that is characterized by an approximately linear behavior. Among them stands out the equation of Paris and Erdogan (1963) that has been widely used.
Region III: This region has high crack growth rates. Generally, an instable behavior of the crack is observed in this region.
Paris-Erdogan Model:
The crack propagation model proposed by ParisErdogan describes crack growth in region II of figure 1. This model is based on experimental observations and heuristic guidelines. The evolution of a crack through this model is better represented when a probabilistic characterization is used. This is the proposed work of Ghonen & Dore (1987) , which tested and analyzed results obtained from a sample of experiments for a finite plate containing a centered crack submitted to a stress load
Using the crack propagation model proposed by Paris-Erdogan, the IVP or Cauchy problem for crack growth can be formulated according to equation 1.
C p and m p are parameters of the material, N is the number of cycles and ΔK is the variation of stress intensity factor.
Forman Model:
The model proposed by Forman (1967) is used to predict the crack growth rate on fatigue in regions II and III from the diagram figure 1 . This model includes the effect of crack instability at the beginning of accelerated fracture.
The parameter "n" is a constant of the material. This model is in accordance with the tests performed by Broek e Shijve (1963).
Priddle Model:
Among the most versatile models of crack propagation is the proposed by Priddle (1976) . This model describes regions I, II and III from figure 1 and is given by the equation (3).
C and m are parameters of the material, ΔK th is the initial value where the cracks in formation starts its propagation and K máx the maximum stress intensity factor.
McEvily Model:
McEvily and Groeger (1977) proposed a model to describe regions I, II and III from figure 1.
Being A and m parameters of the material and σ y is the yield stress of the material. The value of ΔK th is function of stress ratio R, and of the environment.
Computational analysis:
The models of Paris-Erdogan, Forman, Priddle and McEvily were simulated to make comparisons between numerical methods. The integration required to obtain an evaluation of crack size is obtained from Euler, implicit and explicit, and fourth-order RungeKutta methods. The proposed problem considers an infinite plate with a centered crack. It evaluated the function "crack size" for amplitude of 20ksi   for a range of 900000 cycles of stress load. The software used for analyze is the MATLAB.
Paris-Erdogan Model:
Initially, analyzing Paris-Erdogan model for a set of data, these values were applied in ParisErdogan equation to evaluate crack evolution.
Parameters for solution of Paris equation, (Barsom, Rolf (1999) Using Runge-Kutta method to 900000 cycles the crack size was 15,493336in. Figure 3 shows a graphic representing the crack size, using the data provided. Collecting values of different points from crack growth graphics it was possible to organize these data as observed in chart 1.
Chart 1 was created stipulating values for N, between 10000 cycles intervals. In this chart it is observed the following information: the values obtained for the crack size using Euler method, the difference between them, the value obtained using RK4 method and the differences between RK4 method and Euler methods, implicit and explicit. Australian Journal of Basic and Applied Sciences, 9(27) August 2015, Pages: 194-199 Chart 1: Values and differences between methods using Paris model.
Forman Model:
Using Forman model, analyzes for crack growth were made for different values of loading rate R, which represents the minimum stress value divided by the maximum stress. Thus two sets of data were obtained, one for each value of R. It was not possible to observe measurable differences between methods for the stipulated accuracy. The modulus of the differences between the methods was null for the adopted accuracy as it is observed in chart 2.
Parameters for solution of Forman equation, (Forman (1967)):
For R value of 0.9 it was obtained a maximum crack size of 5,00000104in when it reaches 900000 load cycles. Again, it was not possible to observe measurable differences between methods. Chart 3, shows the obtained data.
The crack size obtained for 900000 cycles was 5,0000001155in for R equal to 0.1 and 5,0000010429in for R equal to 0.9. For an R of 0.9, crack growth was 9.03 times the value obtained to a value equal to 0.1. Thus we observe, for this example, an approximately proportional and linear character between R and crack growth.
Chart 2: Values and differences between methods using Forman model, R=0.1.
Priddle Model:
For the simulations of the Priddle model it was used the data obtained in the same article where Priddle demonstrates his model for an EN3A steel.
Parameters for solution of Priddle equation, (Priddle, 1976) : 
Nm
Analyzing chart 4, when the load application reaches 900000 cycles it was obtained a crack size value of 19,744307mm for RK4 method.
McEvily Model:
For the McEvily model, the following set of data for an aluminum alloy was used to obtain crack size values.
Parameters for solution of McEvily equation, (WANG et al, (2008) ): Material: 6013 aluminum alloy. 
Conclusions:
As was proposed in this work, various relationships between numerical methods and crack propagation models were observed. The use of numerical methods facilitates and complements initial value problems as the proposed by Paris, used as reference for other crack growth models.
The order of a method measures how quickly this method converges to the analytical solution. The inaccuracy of each method decreases when the number of steps increases. Another way to obtain more accurate values is to use methods of higher order as the Runge-Kutta.
Both, methods of Euler and RK4 method, have shown great efficacy for the integration of differential equations found in crack propagation models, and the method of highest order among the analyzed is the fourth-order Runge-Kutta. The results obtained in implicit Euler method were the nearest to those obtained using RK4 in all studied models.
We have available several crack growth prediction models. A relevant question for engineering is the inherent cost of each type of analysis. A more complex model involving many parameters, may require additional information, usually obtained experimentally, promoting rise of costs during analyze. Moreover, depending on the required reliability of results, a simpler model may not provide the desired accuracy.
